Introduction
Sexual dimorphism, defined as a phenotypic difference between males and females of a species, is a common phenomenon in animals, including reptiles (Aghili et al., 2010) . The vast majority of comparative studies of sexual dimorphism have focused only on size dimorphism, with relatively few examining variation in shape (Selander, 1966; Andersson, 1994; Fairbairn, 1997) . However, there is no reason to believe that shape dimorphism is any less important than size dimorphism (Butler and Losos, 2001) .
Sexual size dimorphism (SSD) describes the situation in which the 2 sexes differ in measured values of morphometric characters (Aghili et al., 2010) . Selection favoring intersexual differences in body shape might result from differences between the sexes in ecology (niche partitioning between the sexes), behavior (territorial or mate choice behavior), or reproduction (physiological or anatomical differences related to different reproductive costs or roles [Darwin, 1859 [Darwin, , 1871 ). Sex differences in ecology (food and/or habitat) associated with shape dimorphism are known from many reptiles (e.g., Schoener, 1967 Schoener, , 1968 Schoener and Gorman, 1968; Lister, 1970; Schoener et al., 1982; Hebrard and Madsen, 1984; Powell and Russell, 1984; Shine, 1991; Vitt et al., 1996) . Behavior can influence dimorphism by the operation of sexual selection, which may result in exaggeration of body proportions in one sex, usually males (Butler and Losos, 2001 ). Anderson and Vitt (1990) suggest that the causes of sexual dimorphism in size could be related to several factors: competition be tween males, differential mortality between sexes due to differences in longevity, the larger amount of energy allo cated by females for reproduction, or males being more active because they need to search for females and thus having a larger predation risk (Verrastro, 2004; Fathinia and Rastegar-Pouyani, 2011) . Lizards in particular provide the opportunity for comparative studies and are a good model for studying the evolution of SSD, because this group presents remarkable variation in both direction and magnitude of SSD (Cox et al., 2003) . Male and female lizards may differ in many traits, such as coloration, body shape, and size (Pinto et al., 2005; Ribeiro et al., 2010) . Males are larger than females in the majority of lizards, although female-biased SSD is common and occurs in nearly every family. Male-biased SSD reaches extremes in which males average 50% longer than females in some polychrotid anoles (Anolis), tropidurids (Tropidurus), marine iguanas (Amblyrhynchus), and varanid monitor lizards (Varanus) (Fairbairn et al., 2007) . By contrast, females exceed males by as much as 20% in some polychrotids (Polychrus), skinks (Mabuya), and pygopodids (Aprasia) (Fairbairn et al., 2007) . In the majority of reptiles, the number of offspring in a clutch or litter increases with maternal body size, so selection for increased fecundity should favor larger female body size (Fairbairn et al., 2007 (Faizi, 2010) . Trachylepis vittata is a rare species in the western Iranian Plateau, and there is little knowledge on the sexual dimorphism of this taxon in Iran. The aim of the present study is to investigate morphological peculiarities of T. vittata in Iran and to detect patterns of sexual dimorphism in this lizard.
Materials and methods

Field study
A total of 48 adult skinks (29 females and 19 males) were collected in different localities in the western region of the Iranian Plateau during March-August 2011 (Table  1) . After examination, the specimens were released in similar habitats within the same region. Juveniles were clearly distinguished from adults based on their coloration pattern; they were not used for this study. Only fully adult specimens were used in this study (Figure 1 ). We measured 38 metric and meristic characters (see Table  2 for all abbreviations). The measurement of metric characters was performed using a digital caliper (0.01-mm precision). On the basis of temperatures measured during fieldwork, the individuals of this species were active in a temperature range of 17-40 °C in the spring. We found skinks in natural areas with vegetation such as Carthamus tinctorius, Glycyrrhiza globra, Sinapis arvensis, Cynodon dactylon, and Alhagi maurorum, but also among bean or wheat farms, fruit gardens, soft and moist soils, and borders of hedges and along the borders of small streams.
Statistical analyses
We used SPSS 16.0 and S-Plus 8.0 software for running all the analyses. For each character, sample size, maximum, minimum, mean, and standard error of the mean were calculated (Table 3 ). In the next step, we performed a principal component analysis (PCA) as an exploratory method to investigate between-sex variation of morphometric variables in the multivariate level. The existence of significant differences between the sexes for examined variables was then tested for by multivariate analysis of variance (MANOVA) with sex as a factor.
Results
Morphological measurements of 19 males and 29 females were entered into the analyses. Descriptive parameters of morphometric and meristic characters for males and females are presented in Table 3 . Results of the PCA (Table  4) for metric, meristic, and character ratios showed that the first 3 components jointly explain 98.82% of the total variation. The first principal component (PC1) accounted for 94.08% of variation and was strongly and positively correlated with SVL and LHF. The second principal component accounted for another 3.66% of the total variation and was strongly and positively correlated with LHF and negatively with SVL; finally, PC3 accounted for 1.08% of the total variation and was strongly and positively correlated with LCL and FFL (Table 4) . Results of the uni-and multivariate analyses were consistent with each other. Ordination of the first 2 principal components for morphological characters in males and females of T. vittata is presented in Figure 2 . As shown, there is a relatively high degree of separation between males and females of T. vittata. Furthermore, the results of the MANOVA (morphological characters as dependent variables, sex as a factor) indicated effects of sex on HL, EED, LHF, and LCL for a given body size (Wilks' lambda = 0.177) ( Table 5) . These results indicate that sexual dimorphism in T. vittata is restricted to several length measurements. All of them showed significantly greater values in females.
Discussion
Reproductive output is associated with morphological traits in lizards (Xu and Ji, 2006) . Darwin (1871) proposed that natural selection should favor large female body size when female size is positively correlated with fecundity within a population, as appears to be the case for most lizards in which clutch size is variable (Cox et al., 2003) . Becker and Paulissen (2012) showed that females of Scincella lateralis are larger (have larger SVL) than males. In lizards, the evolution of viviparity and reduced reproductive frequency are generally correlated with shifts toward female-biased SSD (Fairbairn et al., 2007) . The most common hypothesis advanced to explain why female reptiles are larger is fecundity selection that favors larger body size in females to increase clutch size and/or clutch mass (Heideman et al., 2008) . The only studies of which we are aware that address this possibility present contradictory results. Johnson (1953) found no relationship between female SVL and either clutch size or egg length. However, Brooks (1963) , working with a wider range of female SVLs, found a significant positive correlation between female SVL and clutch size (Becker and Paulissen, 2012) . More recent studies have shown that differences in trunk and head dimensions between sexes can be present even in cases where SSD is not present-selection can work on individual body part differences rather than on body size as a whole (Schwartzkopf, 2005) . The present study confirms that in T. vittata, SVLs and trunks of females were larger than those of males. Additionally, males had narrower bodies than females. Due to the presence of ovoviviparity in T. vittata, females likely invest more energy in producing offspring than males, hence requiring a larger body size, which increases the offspring's chance of surviving. Therefore, fecundity selection in T. vittata females can produce a longer and wider trunk. Sexual differences in energy allocation for growth can result from divergence in reproductive investment between the sexes (Cox et al., 2003; Pinto et al., 2005; Ljubisavljević et al., 2008; Becker and Paulissen, 2012) . The evolution of SSD in lizards is also associated with between-sex differences in reproductive success related to adult body size (Cooper and Vitt, 1989; Hews, 1990; Mouton and Van Wyk, 1993) .
Our results for T. vittata show that the differences in head size that exist between males and females are likely responsible for differences in bite force. Sexual differences in head size in this species are attributable to distinct differences in prey size between the 2 sexes, in that females eat larger prey than males. Some characters such as the frontal to interparietal length, length of parietal, and snout width have greater values in females than in males. This suggests that females may be adapted to consume bigger prey items than males since females need more energy during reproduction. However, in the absence of behavioral data on bite force or a detailed trophic study that deals with diet composition and prey size in both females and males of T. vittata, both reproductive investment and dietary differences as causes of head size sexual dimorphism remain hypothetical.
Sexual differences in head size are associated with sexual differences in bite force (Herrel et al., 2006) . Lizards that are larger and that have wider and longer heads bite harder (Herrel et al., 2006) . Thus, differences in diet may be the result of natural selection leading to reduced niche overlap between the sexes (Schoener, 1967) . Intersexual niche separation, a strategy to minimize competition for resources between males and females, has been proposed as a cause of sexual dimorphism in size and body shape (Schoener, 1967) .
T. vittata males have a thicker basal area of the tail than females, probably because copulating organs are located at their tail base. The structure of the cloaca is also different, which is noticeable under magnification: males have a smaller length of the cloacal aperture than females. However, in T. vittata, males and females did not show clear differences in coloration and color pattern.
In summary, our data show that males and females of T. vittata are slightly dimorphic in body and head size, and it seems likely that this is due to different growth patterns (as a proximate cause) and/or differences in intrasexual or natural selection forces between the sexes of this taxon. Adult females have larger bodies and longer heads than adult males. Female-biased SSD, which is influenced by fecundity selection and greater female investment in reproduction, exists in T. vittata.
